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Evaluation of the California mastitis test
to detect an intramammary infection with

a major pathogen in early lactation dairy cows

Randy T. Dingwell, Ken E. Leslie,Ynte H. Schukken, Jan M. Sargeant, Leo L. Timms

Abstract — The purpose of this study was to evaluate the usefulness of the California mastitis test
(CMT) to detect an intramammary infection caused by a major mastitis pathogen in early lactation cows.
The gold standard used for comparison was bacteriological culture of single milk samples. The
sensitivity (82.4%) and specificity (80.6%) of a positive CMT were highest on the 4th day of lactation.

Résumé — Évaluation du CMT pour le dépistage des infections intramammaires par un
important pathogène chez des vaches laitières en début du lactation. Cette étude avait pour objet
d’évaluer l’utilité du test californien de la mammite (CMT) pour dépister les infections intramammaires
causées par un important pathogène chez des vaches en début de lactation. La méthode utilisée à des
fins de comparaison était la culture bactériologique d’échantillons uniques de lait. La sensibilité (82,4 %)
et la spécificité (80,6 %) d’un CMT positif étaient au maximum au jour 4 de la lactation. 

(Traduit par Docteur André Blouin)
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Intramammary infections (IMIs) found in early lacta-
tion can be the result of either IMIs that do not resolve

or new IMIs that develop, during the dry period. The
importance of the dry period to eliminate existing and
prevent new intramammary infections is well understood
(1). There has been increased interest recently in novel
dry cow management strategies that would prevent new
IMIs from occurring during the dry period, such as
external and internal teat sealers (2). New management
strategies offer promise in helping to reduce new IMIs to
a greater extent than can be achieved by administering
intramammary dry cow antibiotic therapy (DCT) alone.
In general, DCT products do not persist late into the dry
period and are ineffective against infections with gram-
negative organisms in the prepartum period (1,3).
Therefore, despite dry cow udder health management
programs, IMIs are likely to remain from the previous
lactation or develop during the dry period. Identifying
infected cows in the immediate postpartum period

should be an important procedure for the control of
mastitis in dairy herds.

Identifying and eliminating IMIs early in lactation may
have significant economic benefits. Preventing clinical
mastitis in early lactation, decreasing the amount of
discarded milk, and reducing the bulk milk somatic
cell count (BMSCC) are some of the potential benefits
(4,5). Bacteriological culture of milk samples is the
standard method for identifying IMIs (6). However, the
logistic and financial considerations involved with sam-
pling all fresh cows have precluded this technique from
being widely adopted (5,7). The use of individual cow
somatic cell counts (SCC) to identify the presence of IMIs
in early lactation cows is possible. However, practical
application of this method is restricted by the Dairy
Herd Improvement (DHI) test date interval being too long
to identify all cows in early lactation. Previous research
had suggested that SCC is normally elevated during
the first 2 wk of lactation, followed by a rapid decrease
(8); however, more recent studies have demonstrated that
cow level SCC declines more rapidly than previously
thought (5,9). Consistent and reliable methods to deter-
mine the udder health status of early lactation cows
have yet to be identified.

The California mastitis test (CMT), a qualitative
measurement of the somatic cell count in milk, is a
screening test for subclinical mastitis that can be used
easily at cowside (7). The use of the CMT to identify
infected quarters has been extensively validated in cows
that were not in early lactation (7). Recently, the CMT
has been used to identify IMIs in the first 10 d of lactation
(5). This study determined that the optimal sampling
strategy to select infected quarters for bacteriological cul-
ture was to sample at 3 d postcalving. Similar work in the
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Netherlands supports these findings (9). Furthermore,
other studies using the CMT to evaluate diagnostic and
treatment protocols for early postpartum dairy cows
are in progress (4). The purpose of this study was to
evaluate the CMT for its ability to identify IMIs caused
by major pathogens in dairy cows within the 1st wk
of calving. 

Two research herds associated with the University of
Guelph, and 1 herd each at Kansas State University, Iowa
State University, and the State University of New York
at Cobleskill, participated in this study for a period of just
over 1 y. Purposive selection of research herds was
required to facilitate this study augmenting on-going
research of a similar nature, and to have access to
trained technicians. Data were collected from 325 cows
that were all starting their 2nd or a subsequent lactation,
and that had at least 3 functional quarters. Upon calving,
all cows had a CMT performed on each functional
quarter, with quarter milk samples being taken imme-
diately afterwards. Teats were prepared aseptically,
prior to sample collection, according to the National
Mastitis Council (NMC) sample collection and han-
dling guidelines (6). Milk samples were sent to the
microbiological laboratory associated with each
university for routine culture techniques. The CMT
and culture were performed only once on each cow,
as close to calving as possible. Farms were visited once
per week, so for any individual cow these tests may have
been performed between 1 and 7 d in milk (DIM). Each
laboratory had standard operating procedures in place
for the handling of samples, culture techniques, and
interpretation of results consistent with NMC recom-
mended procedures (6).

An IMI was defined as the presence of a major mastitic
organism, including Staphylococcus aureus, Streptococcus
dysgalactiae, Streptococcus uberis, nonspeciated
streptococci, Escherichia coli, Klebsiella spp., other
coliforms, Enterococcus spp., Mannheimia sp.,
Arcanobacterium pyogenes, Pasteurella spp., Pseudomonas
spp., yeast, Serratia marcescens, Proteus spp., and

Prototheca spp.. All levels of growth of coagulase-negative
staphylococci and Corynebacterium bovis were considered
minor pathogens. The minor pathogens and nonsignificant
bacterial growth, such as gram-positive rods, were not
considered to be IMIs in this dataset. This decision was
based on the definitions and guidelines used in each
laboratory for nonsignificant growth and on the fact that
the colony forming units of minor pathogens were not
reported quantitatively from each laboratory. Contaminated
samples, defined as growth of 3 or more pathogens from
the same sample, were excluded.

The CMT was performed on quarter foremilk samples
at cowside, and the test results were read and recorded
by 1 trained technician within each herd. The CMT
reaction of each quarter was recorded in an ordered
scale as either, 0, 1, 2, or 3, with 0 indicating no reaction,
and 1 being a trace and a slight positive reaction. All data
were sent to the University of Guelph, where they were
stored in a database and then imported into software for
analysis (Microsoft Access; Microsoft 2002 Corporation,
Redman, Washington USA and SAS version 8.11; SAS
Systems, Cary, North Carolina USA). Various cutoff
points of the CMT scores were used to define a positive
CMT reaction. Calculations of diagnostic test charac-
teristics were performed by using the single milk
bacteriological culture result as the gold standard. The
sensitivity, specificity, and the predictive values of the
CMT results were calculated by using standard 2-by-2
contingency tables. A 95% confidence interval was
calculated for the sensitivity and specificity of the
CMT, both overall and on various days in milk (EpiScope
2.0; EpiVetNet, Massey University, Palmerston North,
New Zealand).

A total of 1283 quarter CMT and culture results were
available for analysis. Overall, the prevalence of IMIs in
early lactation in these data was 10.0% of quarters.
The prevalence among each of the 5 herds was 7.6%
(n = 484), 9.5% (n = 231), 9.6% (n = 135), 12.6%
(n = 261), and 13.4% (n = 172). The predominant major
mastitis organisms isolated in early lactation in these
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Table 1. Calculated test characteristics of the California mastitis test (CMT) within the 1st wk of lactation to
determine the udder health status, using bacteriological culture of 1283 quarters as the gold standard

CMT Quarter True Apparent Positive Negative
cutoff bacteriology prevalenceb prevalencec Sensitivity % Specificity % predictive predictive
pointa Strata result n (qtr) n (%) n (%) (95% CI) (95% CI) value (%) value (%)

� 0 Overall Culture positive IMId 1283 128 (10.0) 417 (32.5) 68.8 (61-77) 71.5 (69-74) 21.1 95.4
� 1 Overall Culture positive IMI 1283 128 (10.0) 226 (17.6) 55.5 (47-64) 86.6 (85-89) 31.4 94.6
� 0 1 DIMe IMI 269 36 (13.4) 95 (35.3) 61.1 (45-77) 68.7 (63-75) 23.2 92.0

2 DIM IMI 348 30 (8.6) 116 (33.3) 76.7 (61-92) 70.8 (66-76) 19.8 97.0
3 DIM IMI 244 18 (7.4) 99 (40.6) 77.8 (59-97) 62.4 (56-69) 14.1 97.2
4 DIM IMI 115 17 (14.8) 33 (28.7) 82.4 (64-100) 80.6 (73-88) 42.4 96.3
5 DIM IMI 100 7 (7.0) 24 (24.0) 71.4 (38-100) 79.6 (71-88) 20.8 97.4
6 DIM IMI 76 4 (5.3) 20 (26.3) 100 (100-100) 77.8 (68-87) 20.0 100
7 DIM IMI 131 16 (12.2) 30 (22.9) 37.5 (14-61) 79.1 (72-87) 20.0 90.1

� 1 1 DIM IMI 269 36 (13.4) 41 (15.2) 41.7 (26-58) 88.8 (85-93) 36.6 90.8
2 DIM IMI 348 30 (8.6) 73 (21.0) 70.0 (54-86) 83.6 (80-88) 28.8 96.7
3 DIM IMI 244 18 (7.4) 42 (17.2) 55.6 (33-79) 85.8 (81-90) 23.8 96.0
4 DIM IMI 115 17 (14.8) 23 (20.0) 64.7 (42-87) 87.8 (81-94) 47.8 93.5
5 DIM IMI 100 7 (7.0) 16 (16.0) 71.4 (38-100) 88.2 (82-95) 31.3 97.6
6 DIM IMI 76 4 (5.3) 10 (13.2) 75.0 (33-100) 90.3 (83-97) 30.0 98.5
7 DIM IMI 131 16 (12.2) 21 (16.0) 37.5 (14-61) 87.0 (81-93) 28.6 90.9

aCalifornia mastitis test scored as Negative (0), Trace (1), 2 or 3
bTrue prevalence of major mastitic infections as defined by bacteriological culture
cApparent prevalence of major mastitic infections defined by a positive CMT test
dIMI — intramammary infections
eDIM — days in milk



herds were environmental Streptococci spp. and
Escherichia coli. The proportions of specific pathogens
identified in early lactation were 14.8%, 3.9%, 10.2%,
15.6%, 8.6%, and 17.9% for Staphylococcus aureus,
Streptococcus dysgalactiae, Streptococcus uberis, E. coli,
Klebsiella, and other major pathogens, respectively. 

The calculated sensitivity, specificity, and predic-
tive values of the CMT are shown in Table 1. When any
level of positive CMT reaction was considered to be
indicative of an IMI, with a prevalence of 10% IMIs, the
sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were 68.8%,
71.5%, 21.1%, and 95.4%, respectively. By increas-
ing the cutoff point at which a CMT was considered pos-
itive to those reactions that were greater than a score of
1, the sensitivity and NPV decreased (55.0% and 94.6%,
respectively) while the specificity and PPV increased
(86.6% and 31.4%, respectively). When the sensitivity
and specificity of the CMT were stratified by the DIM
on which the test was performed, the sensitivity of the
CMT was generally increased up to day 4 after calving
at a cutoff point of greater than 0 (Table 1). The highest
specificity was also calculated to be on DIM 4. The
same trend in sensitivity was not seen when a cutoff point
� 1 was used, although the specificity remained higher
and the apparent prevalences were lower.

The sensitivity of the CMT is the ability to detect the
presence of an IMI, and it is calculated as the proportion
of quarters that had an IMI and a positive CMT. The
specificity of the CMT is the ability to detect quarters that
did not have an IMI, and it is calculated as the propor-
tion of noninfected quarters that had a negative CMT
reaction. In combination, these 2 test characteristics
describe how well the CMT can discriminate between
noninfected and infected quarters (10). Generally, as the
sensitivity of a test increases, the specificity will
decrease. This was not demonstrated clearly in these data,
because different populations of cows were tested on dif-
ferent days, each having different distributions of organ-
isms and varying abilities to induce a high SCC. The pre-
dictive values of the CMT reflect how the test results
could be interpreted in the field. The PPV indicates
the likelihood that a quarter with a positive CMT reac-
tion is infected with a mastitic pathogen. Conversely, the
NPV is the likelihood that a quarter with a negative
CMT reaction is indeed not infected. It is not appropriate
to select a test simply based on reported predictive val-
ues alone, as the predictive value of any test is influenced
not only by the test sensitivity and specificity, but also
by the prevalence of disease within the population in
which it is used (10). 

As a screening test used to detect IMIs in early lacta-
tion cows, a high sensitivity (no false-negative CMT
reactions) would be ideal. A high sensitivity would
enable the CMT to detect the majority of quarters that had
an IMI. However, it is also desirable to limit the number
of false-positive reactions with a high specificity, or else
the test would be no better than sampling all fresh cows
anyway. False positive and false negative reactions
will still occur with the CMT, and due to the subjec-
tiveness of this particular test, there will be misclassi-
fication biases as well. False positives, associated with
a low specificity, would occur when somatic cells are
present in the milk with bacteria not being isolated.

False negative reactions, associated with a low sensitivity,
would occur when bacteria are indeed present in the
gland but somatic cells are not. The highest calculated
sensitivity and PPV were on DIM 4 at a cutoff point of
> 0 in this study. Since samples were not taken from
every cow on every day in this study design, it cannot be
concluded that DIM 4 is the best day to perform the
CMT. However, the findings in our study are consistent
with what has been reported previously, in a study that
did perform the CMT on consecutive days (5). When a
CMT was scored as having no reaction with a rela-
tively high and consistent NPV across different preva-
lence levels of IMI, there was a high likelihood that no
IMI was present. Because of the less than ideal sensitivity
and specificity of the CMT, its use for decisions on
individual cows may be limited; it may be of more use
in establishing the occurrence of IMIs in groups of
cows for monitoring herd-level udder health, especially
in dry cow management programs.

An important consideration of this study is that all
CMT reactions were scored by trained technicians in
research dairy herds. The performance of the CMT,
due to its subjective nature, may be very different when
used on commercial dairy farms by farm workers (4).
Also, our gold standard was a single milk sample.
Duplicate or multiple milk samples would have been a
more appropriate gold standard (6). Nevertheless, a valu-
able addition to a fresh cow program would be a rapid,
cost-effective, cow-side test that would identify IMIs. The
results of this current study concur with other recent trials
that the CMT has the potential to be a rapid, accurate, and
economically feasible test for fresh cows. There remains
a definite need for cow-side test procedures that could
be used on CMT positive quarters to identify specific
pathogens. CVJ
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